The study examines technical efficiency of Foreign Direct Investment (FDI) firms in the Vietnamese manufacturing sector by applying stochastic production frontier model and making use of cross-sectional data in the period 2009-2013. The average level of technical efficiency of FDI firms is about 60% and it is higher than that of domestic firms (including private firms and state-owned firms). In addition, the study also analyses correlation between technical efficiency of FDI firms and other factors. It finds that there are positive correlations between FDI technical efficiency and net revenue per labour, firm's age or export activities in 2013. However, the study is unable to find evidence of a relationship between FDI technical efficiency and infrastructure or firm's investment activities.
Introduction
One of the most important impacts of FDI is the technological and managerial spill-over effects which are expected to occur thanks to the cooperation between FDI and domestic firms. There are two types of FDI spill-over effects: horizontal and vertical. And it is anticipated that these effects are more likely to happen if the FDI firms operate more efficiently. First is horizontal spill-over. In the efficient firms, workers are supposed to be high-skilled and they must improve their ability frequently. Hence, when workers change from FDI firms to domestic ones (labour turnovers), the latter will benefit from these high-skilled employees. Besides, if FDI firms operate efficiently, they put more pressure on domestic firms via competition that forces domestic ones to improve their capability to survive in the market. Additionally, efficient FDI firms will certainly take part in exporting activities and consequently create spill-over effects to recipient countries. Second is vertical spill-over. The well-performed foreign firms will demand for decent domestic partners with higher requirements on product quality and time delivery. And subsequently, domestic firms must improve themselves to get into the production chain of FDI firms, where they could learn new production techniques or It is becoming more important in the case of Vietnam where the role of FDI is essential. FDI has not only contributed to the economic growth and restructuring but also improved labour productivity, facilitated exporting activities and created new jobs. But there is a concern that FDI firms could have done better. Therefore, this study attempts to examine the efficiency of FDI firms in the Vietnam manufacturing sector from 2009 to 2013. Moreover, a comparison between FDI firms and domestic firms is also conducted by estimating technical efficiency of these firms. Basically, combining inputs and technology to produce output will create a potential production frontier of a specific firm. If real output of the firm is equal to potential output, this firm is technically efficient. If the real output of the firm is not equal to the potential output, then the firm is technically inefficient. However, when estimating production frontier, firms within one industry are assumed to use the same type of technology. The manufacturing sector comprises of many sub-sectors, therefore, it is insignificant to estimate the production frontier for the manufacturing sector as a whole. As a result, the study only chooses 04 sub-sectors which contribute importantly to growth of manufacturing sector. They are: electronic, automobile, textiles and wearing apparel sub-sectors.
Contribution of this paper is to evaluate the efficiency of FDI firms to provide an empirical background for further studies on FDI absorptive capacity in emerging economy of Vietnam. More specifically, the study exploits data of three-digit industry instead of two-digit industry in the previous studies. In addition, if one firm operates in many sub-sectors, only data of observed sub-sectors (electronic, automobile, textiles and wearing apparel) will be used to avoid bias from other sub-sectors. Furthermore, some influential factors of technical efficiency of FDI firms will be analysed to enrich literature about current state of Vietnam economy.
The remainder of the paper is organized as follow. The next part is background and it is followed by the method part to estimate efficiency of FDI firms. Then, the main results will be discussed and the final one is conclusion. 
Background
Vietnam is fostering modernization process in order to become an industrial country in 2020. Within this process, contribution of FDI sector is crucial, particularly in the manufacturing sector. FDI inwards into this sector is the largest and until 2013 the accumulated registered capital has reached USD 141406.7 million, accounting for 55.95% of total registered capital into Vietnam (Table 10 in the Appendix).
From 2001 to 2013, proportion of FDI capital in the manufacturing sector has increased remarkably and comprised of 59% in 2013 ( Figure 3 in the Appendix). Consequently, the value added of the manufacturing sector created by the FDI sector is also the highest (in 2013, this number is about VND 3000 billion, comparing to about VND 160 billion and VND 600 million of non-state and state sectors respectively). More importantly, the gap between the value added created by the FDI sector and the domestic sector (including the private sector and the state-owned sector) has increased from 2010 ( Figure 4 in the Appendix). In addition, the FDI sector also creates more job than the domestic sector. The number of employment of the FDI sector in 2013 is about 2.5 million while these figures of the private and the state ones are 2.3 million and 0.3 million respectively (Vietnam General Statistics Office, 2014) .Generally, this information has showed an importance of FDI in the development of Vietnam manufacturing sector. Although the role of the FDI sector is notable, the study attempts to assess whether the FDI sector is performing its best or it could have operated more efficiently.
There are several ways to examine performance of an organization. Worthington & Dollery (2000) indicate that performance of an organization should be assessed by effectiveness and efficiency. Efficiency is "relationship between actual and optimal combination of inputs used to produce a given bundle of outputs" (Worthington & Dollery, 2000, p.27 ) while effectiveness refers to the level to which an organization reaches its goals or objectives. Effectiveness is measured by outcome-related aspects such as quality, accessibility and appropriateness of outcomes. However, due to lack of data availability, effectiveness of firms is unlikely to be measured, thus the study only focuses on the efficiency of the firms in Vietnam.
The microeconomic theory about efficiency measurement has developed three types of efficiency. Technical efficiency refers to the ability to combine inputs (such as labour and capital) in the most technological way to produce certain level of output. Allocative efficiency speaks of the capability of the establishment to combine inputs in the optimal way using certain level of inputs' price and technology. In other words, allocative efficiency is to pick up technically efficient choices to produce the largest amount of output. And finally, productive efficiency is simply a combination of technical efficiency and allocative efficiency (Worthington, 2001) . Because allocative efficiency and productive efficiency are based on the assumption of full technical efficiency of an organization, thus the study only attempts to estimate technical efficiency as a background.
The first author to shed light on the efficiency measurement is Farrell (1957) . The author states that the efficiency measurement must be based on the assumption that efficient production function is well-known. However, this function is unlikely to be defined in reality; hence it is necessary to estimate it by applying parametric or non-parametric approach. In fact, there is a substantial part of studies estimating technical efficiency by using parametric, non-parametric approach or both of them. Badunenko, Fritsch, & Stephan (2006) examines determinants of technical efficiency of German manufacturing firms by exploiting a database of Germany cost structure Census from 1992 to 2004 including 35.000 firms within 252 industries. Technical efficiency depends on the location of the firm headquarters, firm's size and R&D intensity. Burki&Dek (1998) study technical efficiency and economy of scale of the Pakistani firms in the 09 manufacturing industries by applying Data Envelop Analysis (DEAnon-parametric approach). The result is that surveyed firms could increase output by 6% to 29% by improving technical efficiency. Lundvall &Battese (2000) exploit a unbalanced panel data to calculate technical efficiency of the Kenyan manufacturing firms by applying stochastic frontier production method (SFP-parametric approach). The authors find that technical efficiency could be affected by the firm's size. In addition, Mahadeven (2000) calculates technical efficiency of the 28 Singapore manufacturing industries from 1975 to 1994 by applying SFP method. The result is that the technical efficiency of the observed firms is 73% in average. Moreover, there are two important determinants of the technical efficiency: the capital intensity and the labour quality. Interestingly, Wu (2000) uses input-oriented distance function approach to calculate the technical efficiency of FDI firms in China between 1983 and 1995 and finds that the FDI performance has inverted J-shape form.
There are also various studies on technical efficiency of Vietnamese firms. Vu (2003) estimates technical efficiency of state-owned firms and non-state firms in Vietnam by using SFP method and exploiting a surveyed data of 164 firms in 1996, 1997, 1998 across Hanoi, Hai Phong and Ho Chi Minh city. The author shows that state-owned firms are more technically efficient than other firms. Besides, the study also figures out determinants of technical efficiency including human capital, location and exports activities. Minh, Long & Thang (2007) calculate technical efficiency of small and medium-sized enterprises in the Vietnamese manufacturing sector by using both DEA and SFP method. The authors exploit a panel data from 2000 to 2003 and indicate some key findings. Technical efficiency of SME estimated by SPF and DEA is 50% and 40% respectively. Tran (2007) studies technical efficiency of Vietnamese pharmacy firms by using cross-sectional data in 2002 and SFP method. Tran concludes that the cost efficiency of these firms is 50% higher than the frontier and the influential factors are debt ratio, ownership and firm's location. Similarly, Le &Harvie (2010) estimate technical efficiency of SME in the Vietnamese manufacturing sector in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The authors make use of a panel data of 5,204 SME and apply SFP method to conclude that the technical efficiency of these firms is 89.71% in average. Khai& Yabe (2011) apply SFP method to analyse the technical efficiency of Vietnam agricultural production household in 2005 and 2006 . The authors use a panel data of 3,733 households and find that the technical efficiency of these household is 81.6%. Vu (2012) also applies SFP method to estimate technical efficiency of Vietnamese manufacturing firms from 2000 to 2009. He concludes that the private firms are the most efficient ones and they benefit from cooperating with foreigners.
In general, majority of research in Vietnam pay attention on the technical efficiency of the SME or the state-owned enterprises and lack of the research on the technical efficiency of the FDI firms specifically. Therefore, this study will fill the gap by and 20 th over 99 sub-sectors of the manufacturing sectors. In addition, the numbers of the FDI firms and the employment in these sub-sectors are also significant. Moreover, these sub-sectors are identified as the key ones in the Strategy on Industry Development of Vietnam to 2025, vision to 2030 (Decision 879/QD-TTg). Essentially, three subsectors are pointed out by World Bank as three of six strategic goods of Vietnam, including electronics parts, apparel and textiles, rice, seafood, footwear and coffee. Hence, it is necessary to conduct a study on these sub-sectors (Blancas et al., 2014) . 
Source: Vietnam General Statistics Office
Secondly, the implemented FDI capital from 2009 to 2013 only fluctuated about $10 billion regardless to an increase or decrease of the registered capital. According to Kalotay (2000) , absorptive capacity could be understood as a maximum amount of FDI inflow that a recipient could integrate or assimilate into the economy. Then, amount of disbursement could illustratively present for absorptive capacity of Vietnam and it is a Total registered capital Total implemented capital tentative signal that the FDI absorptive capacity seems to reach its limitation in this period. Therefore, examining efficiency of the FDI firms could provide a concrete background for further studies on the FDI absorptive capacity.
Thirdly, this period is a pivotal basis for Vietnam to take part in the Transpacific Partnership (TPP) agreement 2 in 2016. FDI-related matters in this period could be essential lessons for Vietnam to prepare for the TPP in which the competition from FDI firms is expected to be fiercer. Obviously, it is better to make up of the most updated data to 2014, however, 2014 data of Vietnam has not yet completed. Then, the study only examines efficiency of FDI firms from 2009 to 2013.
Method
As mentioned above, there are two popular approaches to estimate the technical efficiency of firms: parametric and non-parametric approach. In terms of parametric approach, it is possible to apply deterministic or stochastic frontier production function. The deterministic frontier production function was firstly exploited by Farrell (1957) and Aigner & Chu (1968) . This approach could estimate contribution of each production factor and distribution of the error terms. However, some non-technical factors could randomly occur which firms are unable to control. Therefore it is necessary to take the random shock into consideration to establish the stochastic frontier production function (Aigner et al., 1977; Kumbhakar & Lovell, 2003) . In terms of the non-parametric approach, the most common method is the Data Envelop Analysis (DEA) but this method is unlikely to examine the effect of random variables on the technical efficiency and consequently could lead to a bias (Zhang et al., 2014) .Additionally, DEA uses only small amount of the best efficient firms to indicate the best practical production function. In other words, the approach is very sensitive to the measurement errors (Minh et al., 2007) . This is an essential weakness due to the imperfect quality of data in Vietnam. Therefore, the study will make use of the stochastic frontier production function method which to some extends overcomes the disadvantages of the deterministic production function and the DEA approach.
According to Kumbhkar and Lovell (2004) there are n inputs to produce one single output, and then the stochastic frontier production model will be:
Where is output of a firm i, is a vector of n inputs used by the firm i, ( , ). exp{ }is a stochastic frontier production, is a vector of a technology coefficient, exp{ } is random factors that the firm i is unlikely to control and is the technical efficiency of the firm i.
From equation (1), the technical efficiency of firm i will be:
In which, the technical efficiency is a ratio of the real output that firm i produces to the potential output that the firm i could produce, conditional on stochastic factor exp{ }.
If TE equals to 1, firm i is fully technically efficient and if TE is smaller than 1, firm i is technically inefficient.
Equation (1) could be transformed into:
Where = exp {− }. Technical efficiency is always smaller or equal to 1, thus is always bigger or equal to 0. Assume that ( , ) if formed in log-linear Cobb-Douglas function, then the stochastic production function will be:
and is two components of the error term, in which could be understood as the "noise" component and is a positive component of technical inefficiency. is independent and identical distributed (0, 2 ), independent and exponential distributed and and are independent to each other and input variables. Equation (4) will be estimated by applying maximum likelihood (ML). Thus, maximum likelihood function is presented in standard deviations of frontier function as follow: 2 = 2 + 2 and = 2 2 2 is variance of the "noise" component v and 2 is variance of the technical inefficiency component. If total error variance 2 = 0 and = 0 then the firm is fully technically efficient. is ratio between variance of the technical efficiency component and the total error variance and has a value from 0 to 1. If equals to 0, it means that the bias of production function is created by the "noise" component or uncontrolled factors. In other words, the smaller the value of is, the lower the effect of technical inefficiency component is.
It is necessary to test the model. The first one is to test whether the technical inefficiency exists. The null hypothesis is 0 : 2 = 0 and the alternative hypothesis is 1 : 2 ≠ 0. If the technical inefficiency does not exist, the firm is fully technically efficient and the stochastic frontier model will be no longer significant and it is reduced to OLS model. The hypothesis will be tested by one-side generalized likelihood ratio test.
Then, if the technical inefficiency exists, it is necessary to test functional form of the stochastic frontier model. There are two possibilities: Cobb-Douglas function and translog Cobb-Douglas function will be presented in the equation (5) and (6) respectively:
Assume that there are only two inputs to produce output: capital and labour. Then, is output of the firm i, is the stock capital of the firm i used to produce output Y and is the number of employment used to produce output Y. The null hypothesis is 0 : 3 = 4 = 5 = 0. If the hypothesis is rejected, production function will be trans-log production function; otherwise, it will be Cobb-Douglas production function.
Data
The study exploits cross-sectional data from 2009 to 2013 from Vietnam Annual Enterprises Survey which contains information about type of firms, number of employment, fixed capital, investment, export activities, economic activity, location and net turnover of firms in specific years. The databases are provided by Vietnam General Statistic Office. This study uses these data to estimate the technical efficiency of firms year by year from 2009-2013 in order to allow the comparison between the years. In more details, the database formed by Vietnam Standard Industry Classification (VSIC). There are 21 one-digit industries, 88 two-digit sectors and 242 three-digit sub-sectors. The study only focuses on 4 sub-sectors out of 99 three-digit sub-sectors of manufacturing sectors.
In this survey, one firm could operate in more than one economic activity and these activities could be separated. The study only focuses on 04 sub-sectors of the manufacturing sector: wearing apparel, textiles, automobile and electronic. Therefore, it is necessary to split economic activities of firms into specific ones. For example, if the firm i operates in two economic activities such as: processing and preserving of meat and manufacturing of textiles, the study will split information about textiles, not firm i as a whole.
More specifically, K is capital of firm, proxied by the fixed assets of firms at the beginning of the year. L is the employment of firms at the beginning of the year. Y is the net returns of firms. It will be ideal to proxy Y by the gross output of firm. However, information about output of the specific economic activity of each firm is not available; hence net return of the specific economic activity is used. In addition, the study also filters the database by ignoring firms with negative net returns and non-positive employment and fixed assets. Duplicate firms also are ignored.(Summary of variables is described in the Table 11 and Table 12 in Appendix).
Study uses STATA 14 software to conduct estimating the stochastic frontier production function and the technical efficiency of firms.
Results and discussion

Technical efficiency
The study conducts some robustness tests to improve validity of the model. Firstly, the study tests existence of the technical inefficiency. The results from one-sided generalized likelihood-ratio test 3 show that all of the FDI firms within 04 sub-sectors from 2009 to 2013 are technically inefficient (Table 13 in Appendix). It means that applying the stochastic frontier production function is appropriate. After that, it is necessary to conduct a test on the functional form of the stochastic frontier production function. Results from the tests indicate that majority of the FDI stochastic frontier production functions should be formed as trans-log production functions while results of domestic ones are mixed (Table 14 in Appendix). Additionally, the F-test for joint significance of variables within the models is applied for domestics and FDI firms over year (Table 15 in Appendix). The test results show that the models are robust and reliable. Furthermore, the model specification is tested by link test after regressing. It regress dependent variable on prediction and prediction squared. If the model is correctly specified, then coefficient of prediction squared is not going to be significant. The results from the table 18 of p-value of prediction squared show that the model is correctly specified. Table 2 indicates an improvement in the technical efficiency of majority of the firms in the observed time. Remarkably, the technical efficiency of the FDI firms across the four sub-sectors seems to be higher than this of the domestic firms. It could be explained that the capability to combine inputs and technology of the FDI firms is better than the domestic ones.
In 2013, the technical efficiency of the FDI firms in the observed sub-sectors is somewhat higher than 0.6. The sub-sector with the highest level of the technical efficiency is the wearing apparel (0.667), while the others are approximately 0.6. However, the average levels of the technical efficiency of the FDI firms in the four subsectors from 2009 to 2013 are quite similar (Table 2) , about 0.59 approximately. This means that the FDI firms in these sub-sectors are only 59% technically efficient. Capability to combine inputs, especially workers, with technology of the FDI firms is 59%. In other words, the FDI firms only operate at about 60% of their full potential capability. On the other hand, this number raises a concern about the level of Vietnam labour force quality. Given this certain level of technology, workers in such FDI firms only make use of 60% of potential in producing goods. Therefore, there is still room to increase the efficiency without changing the technology level by just improving workers' skills.
Apart from 60% of the technical efficiency is the 40% of technical inefficiency (u i ). It is ideal to examine determinants of the technical inefficiency; however, due to lack of available data from Vietnam Annual Enterprises Survey, it is unlikely to finish it. Instead, the study will analyse correlation between the technical efficiency and influential factors
Influential factors of technical efficiency Firm's size
Firm's size could affect the technical efficiency of a firm. Torii (1992) indicates that maintaining or enhancing the firm efficiency is related to the cost of firm´s administration. That means the decision on investing to maintain or investing to improve the level of output is essential and time/money-consuming. Caves (1992) states that the large firms have lower administration cost than the small and medium ones.
Consequently, cost on maintain or improving output level could be smaller. Hence, it is expected that the larger firms could have better technical efficiency than the smaller ones.
In order to examine this argument, the study only focuses on 2013 data, because it is the most updated data. It is necessary to categorize the FDI firms in 2013 into three groups: large-sized, medium-sized and small-sized firms based on the number of employment and capital. 
Source: Author's calculation
From the table 3, we can see that, a big proportion of the large FDI firms in 2013 have higher level of the technical efficiency across the four observed sub-sectors. However, the gaps among the large-sized firms and the rest are not really big.
Based on the employment criteria, average technical efficiency of the large-sized firms in the textile sub-sector is 0.623 while those of medium and small-sized ones are 0.621 and 0.595. Similarly, there is no significant gap in the average technical efficiency among firms in the wearing apparel and electronic industries. Even in the auto industry, the average technical efficiency of the medium-sized firms is higher than that of the large-sized ones (0.661 and 0.634 respectively).Turing to FDI firms' technical efficiency based on capital criteria, the difference between the large and the small-sized firms is somewhat clearer. However, the gap between the large and the medium-sized ones is not that significant.
Hence, the study takes a further step by examining the correlation between the FDI technical efficiency and the ratio of capital to employment or the ratio of net returns to employment. The result is that the technical efficiency only significantly correlates to the ratio of net returns to employment (Table 9 in Appendix). Hence, it is possible to state that there is a positive relationship between the technical efficiency and the net returns per worker. Within the observed sub-sectors, textiles and electronics witness the highest level of correlation between the TE and the net returns per employment (0.92 and 0.93 respectively), while these numbers of auto and wearing apparel sub-sectors are about 0.87 (all of these correlations are statistical significant at 1%) (Figure 2 ). 
Source: Author's calculation Firm's age
Firm's age is one of important factors of firm efficiency (Lundvall &Battese 2000 , Ishita et.al. 2009 ). FDI firms are anticipated to be more efficient when they operate for a long time in the host countries. Initially, FDI firms could be hampered by strange business culture and environment. However, after getting used to the new environment, the FDI firms could make use of their technological superiority to perform better than the domestic firms.
This argument is confirmed in the case of the four sub-sectors of Vietnam. Correlation between the technical efficiency and the firm's age is positive and statistically significant (Table 4 ). In which, the correlation of automobile sub-sector is the highest. Although these correlations in textiles and electronics sub-sector are very weak (0.095 and 0.146 respectively), linear relationship is likely to happen due to the good number of observations (310 and 279 respectively). The study also calculates the technical efficiency of the FDI firms in 2013 across the four sub-sectors based on the firm's age. It is divided into 04 periods: less than five years, 6-10 years, 11-15 years and more than 15 years. The study tests differences in the mean value of the periods by applying one-way analysis-of-variance. The results in Table 16 in Appendix show that the mean values of the technical efficiency of the four groups are statistically different. The table 5 only shows the level of the technical efficiency of the first and the last group to make a comparison. The FDI firms with more than 15 operating years seem to be more technically efficient than the less-than-5-year FDI firms. The most apparent difference could be seen in the automobile industry. The average technical efficiency of the old firms is 0.712 while this number for the young firms is only about 0.6. 
Export activities
The exporting firms must compete fiercely with the international firms; hence they must make use of the production resources in the most effective way. In addition, the international cooperation could help these firms acquire new knowledge, production skills or product designs so that they could improve the firm's efficiency. Studies of Barnard & Jensen (1999) , Clerdies, Lach&Tybout (1998) and Aw, Chung &Roberts (2000) agree that the exporting firms are more efficient than the non-exporting firms.
In order to examine this argument in case of Vietnam, the FDI firms are divided into exporting and non-exporting ones. Then, the technical efficiency of the two groups will be calculated to see the contrast. We can see that the number of the exporting firms is bigger than that of the nonexporting ones across the four sub-sectors. And secondly, the technical efficiency of the former one is notably higher than that of the later one. In the textile industry, the exporting firms are about 63% technically efficient while the non-exporting ones only reach 47% of the technical efficiency in average (Table 6 ).The differences in the technical efficiency among the exporting and the non-exporting firms are not coincident but statistically significant by t-test (Table 17 in the Appendix). Hence, it is evident that in Vietnam the FDI exporting firms are more efficient than the non-exporting firms in 2013.
Infrastructure
Another influential factor should be domestic infrastructure. Tingum (2014) indicates that electricity, communication and especially road infrastructure have a great impact on operation of the firms in this territory. This argument is also approved by Mitra et al. (2011) . It is quite hard to create an index of infrastructure in Vietnam. Therefore, the study will rely on the Provincial Competitiveness Index (PCI) 4 2013 to proxy for the quality of infrastructure. The result from the PCI shows that the best-infrastructure provinces are Binh Duong, Ba Ria -Vung Tau, Ho Chi Minh an Da Nang. Then, the study calculates an average technical efficiency of the FDI firms within the 04 provinces to examine the argument. 
Source: Author's calculation
The first impression from the table 7 is that the majority of the technical efficiency of the FDI firms in the four provinces is higher than the average number in 2013. However, the number of specific firms in the four provinces could be small (even in Ba Ria Vung Tau, there are no observed FDI firms in electronic and automobile industry); then the results could be biased and insignificant. Therefore, it is unlikely to conclude that there is a correlation between the infrastructure and the technical efficiency or not. It is necessary to conduct further research with better proxy for infrastructure.
Investment activity
Sinaniet. al (2007) state that the investment activity of firms, particularly investment on the fixed assets, positively affect the technical efficiency of firms. This is similar to the conclusion of Gumbau-Alber&Moudos (2002) about the positive impact of the investment on the fixed assets on the Spanish manufacturing firms. Assume that the new technology will be integrated into new assets. Then, investment in new assets could replace the old technology with the new one. Consequently, the technical efficiency of firms should be improved. In Vietnam, the investment activity of the FDI firms in the four sub-sectors seems not to be effective in 2013. Investment is proxied by the total amount of the investment capital of firms in 2013. The study is unable to find significant correlation between the FDI technical efficiency and the investment activity in case of textiles, electronics and automobile sub-sectors. It is even worse in the case of wearing apparel sub-sector when we find a negative and statistically significant correlation (-0.1738) ( Table 8 ). This finding is somehow approved by research of Vu Hung Cuong& Bui Trinh (2014) indicating that the ICOR of the FDI sector is quite larger than this of the state and the non-state sector (10.10; 8.20 and 2.54 respectively). In other words, investment activity of FDI firms seems not to be effective. However, this finding is possibly biased because the efficiency of investment activity should be assessed after a period of time, not in one year. In addition, data on total amount of the investment capital of some observed FDI firms in 2013 are missing and then number of observations decreased comparing to the previous parts. Therefore, this finding should be seen as basis for further studies.
Conclusion
It is noteworthy that there are two necessary conditions to convert the FDI spill-overs into benefit of a host country: efficient operation of FDI firms and decent FDI absorptive capacity of domestic firms. This study only focuses on the former condition premising that if the FDI firms operate more efficiently, they could bring more positive spill-over effects to the domestic ones. Consequently, the results of this study will be a background for further studies on the FDI absorptive capacity. The study examines efficiency of the FDI firms by estimating the technical efficiency from the stochastic frontier production model. In order to estimate the technical efficiency of a firm, it is assumed that all firms could use the same type of technology. Therefore, it does not make sense to estimate the production function of the Vietnam manufacturing sector as a whole because there are many sub-sectors within it. Hence, the study only chooses 04 sub-sectors that have contributed significantly to the growth of manufacturing sector over time, they are: textiles, wearing apparel, electronic and automobile. The study also compares the technical efficiency of the FDI firms to the domestic firms as well as analyses some influential factors of the FDI technical efficiency.
Here are some main concluding remarks: In general, technical efficiency of all type of firms has increased from 2009 to 2013. As expected, the FDI firms have higher level of the technical efficiency than the domestic ones. However, average technical efficiency of the FDI firms in the four sub-sectors is only smaller than 60%. In other words, the FDI firms could improve their efficiency by 40% without upgrading technology level. It could also be understood that the workers in these FDI firms are only making use of 60% of technology level. In addition, the study finds several positive influential factors of the FDI technical efficiency including the ratio of the net returns to the number of employment and the exporting activities. Regarding the firm's age, although it positively correlates with the TE of FDI, the link in textiles and electronic sub-sectors is quite weak. Unfortunately, the author is unable to find a correlation between the technical efficiency and the infrastructure and the investment. 
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